(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 2001342543 A 

(43) Date of publication of application: 14.12.01 



(51) mtci C22C 38/00 
C21D 9/46 
C22C 38/14 




(21) Application number: 2000357752 


(71) Applicant: 


NIPPON STEEL CORP 


(22) Date of filing: 24.11.00 


(72) Inventor: 


OKAMOTO TSUTOMU 






UEJIMA YOSHIYUKI 


(30) Priority: 30.03.00 JP 2000093590 




TANIGUCHI YUICHI 






TOMOKIYO TOSHIMASA 



(54) HOT ROLLING STEEL SHEET WITH HIGH 
STRENGTH, EXCELLENT IN BORING 
PROPERTY AND DUCTILITY, AND ITS 
PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a hot rolling steel 
sheet with high strength, having a tensile strength of 
590 N/mm2 or above, an excellent boring property of and 
ductility. 

SOLUTION: The hot rolling steel sheet with high tensile, 
excellent in opening property of a bore and the 
ductility, is composed of C: 0.01%-0.20%, Si: 0.3%-1.5%, 



Mn: 0.55%-2.5%, P: 0.10% or below, S: 0.009% or 
below, N: 0.010% or below, Mg: 0.0005%-0.01%, Al: 
0.002%-0.07%, one or more kinds of Ti: 0.003%-0.25% 
and Nb: Q.003%-0.04%, by weight %, and the balance 
iron with inevitable impurities. Furthermore, by 
controlling the oxides, this steel sheet contains MgO in 
the range of particle diameter of 0.005-5.0 ^m, or complex 
oxides of 10x103 pieces or more and 1.0x107 pieces or 
more per 1 mm2, which are composed of one or more 
kinds of AI202, Si02 MnO and Ti203, and the steel 
structure is mainly a ferrite structure and the residue 
is a bainite structure. 
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(57) [£*>] 

[SUE] 5 9 0N/mm ! J3L±«>3iaSfi***L, ffi 

lf%t\ C:0.01%-0.20%. Si :o.3 
%-1.5 %, Mn!0.5 %-2.5 %, P:0. 10%JSTF\ S:0. 
009 %J£JIT\ NI0.010 %£IT\ Mg : 0.0005% -0.01%, 
Al I 0.002 %-0.07%. fiiOTi : 0.003 %-0.25%, 
Nb 10.003 %-0.04%<^lttifcfi2«#*fU »«3&* 

»t::J:*K fi^f-S^O.OOS ^m-5.0 ^m^tSlCab^ 
MgO i/cli, MgO Sr^^Al2(h . Si02. MnO , TiaOa <D 
1 L < (± 2 fcttioatfrtM:*** 1 ¥*mm&*: i) 1. 

o xio 3 m&±. 1.0 xio 7 «ar-fr*, iaiit7x 

7>f ha^^ii: L^-f^ h&®£-f£o 
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C : 0. 0 1%BLt, 0. 2 0%WT, 

S i : 0. 3%&±, 1. 5%WT, 

MnlO. 5%JSLh* 2. 5%WT\ 

P I 0. 1 0%KkT. 

s : 0. 0 o 9%mT. 

N : 0. 0 1 0%&T\ 

Mg : 0. 0 0 0 5%W±, 0. 0 1 %WT> 

A 1 : 0 . 0 0 2 %J3LL. 0.07 %jar. 

Ti : 0. 0 0 3%m±, 0. 2 5%£1T, 
Nb ! 0. 0 0 3%H±, 0. 0 4%^T 

S?-S* f O. 005// m- 5. 0//mCO 
!EHK*£MgOf MgO*^Ah Os , S 

i 02 , MnO, Ti 2 Os Olit L < ti 2 tt^±0 
lMI:W s lWmmi)/:0 1. OXIO 3 jg^±. 

1. Oxio 7 «T^tr, iMUft*?*^ h«UK«: 

[W**2] 

C : 0. 0 1%JflLh. 0. 2 0%fclT\ 

Si :0. 3 %JBLt* 1 . 5 %EIT\ 

Mn:0. 5%J£LL* 2. 5 %£IT\ 

P : 0 . 1 0 %£JLT\ 

S : 0 . 0 0 9 %£Tf\ 

N : 0 . 0 1 0 %£IT\ 

Mg: 0. 0 0 0 5%J^±, 0. 0 1%£IT\ 

Al : 0. 0 0 2%fll±> 0. 0 7%£IT, 

T i : 0 . 0 0 3 %Kk±, 0.25 %J^T\ 
Nb : 0. 0 0 3%W±, 0. 0 4%£JLT 

*tW^4 5, S?-S^0. 0 0 5//IH-5. 0^m<7) 

ilC*^MgOi^(i, MgOi^Ah Os , S 
i 02 , MnO> T i 2 Oz Ollt L < (i 2 ttfcJUlO 

«tMMt»i:, ^tiSr^^LT. fOSiSC (Nb, T 
i) Nt#-r4*^#fa»0^%. *O*>fX^0. 0 
5 ^m- 5. 0/imO|EHO«faiW**l¥*mm*^*) 

1.0 X 1 0 3 tm±, 1.0 X 1 0 7 «J£lT*tr. SIttJft 

[8t*«3] lf%i:t 

C : 0. 0 1%H±, 0. 2 0%HT, 

S i : 0. 3%£l±. 1. 5%J2TF\ 

Mn:0. 5%feJL±. 2. 5 %J^T\ 

P : 0. 1 0%&T\ 

s : 0. 0 0 9%J^T\ 

N : 0. 0 1 0%WT\ 
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Mg:0. 0 0 0 5%&±, 0. 0 1 %UT, 
A 1 : 0. 0 0 2%JA±, 0. 0 7%UT> 

T i : 0. 0 0 3%W_t. 0. 2 5%JETF\ 
Nb I 0. 0 0 3%tl±, 0. 0 4%&T 

*K $*>K. 

C a : 0 . 0 0 0 5 %JA_t. 0 . 0 10 0 %WT, 
REM7C^<7)^ff : 0. 0 0 0 5%W±, 0. 0 100 
iO %J01T 

©T*S^0. 0 0 5^m-5. 0 M m<Dm 
il^^MgOi MgOmA 12 Os, S i 
O2 , MnO, T i 2 Os <7)1«& L < (± 2 «£LbO-t£ 
^RfMfc^l^mm**:*) 1. 0X10 3 1H±> 

1. oxio 7 mm$k*y^u 

[W#«4j £fi%KT 
20 c : 0. 0 1 %£i±, 0. 2 0%^ 
S i : 0. 3%a±, 1. 5%£lT\ 
Mn : 0. 5%fiLt. 2. 5 %J01T\ 

p : 0. 1 o%»T, 

S 10.0 0 9%J£lT\ 

N : 0. 0 1 0%J£JIT\ 

Mg:0. 0 0 0 5%W±, 0. 0 1 %tIT, 

Al:0. 0 0 2%fli±, 0. 0 7%J^T\ 

TilO. 0 0 3%£Lh. 0. 2 5%J£JlT\ 
30 Nb : 0. 0 0 3%J^±. 0. 0 4%WT 

Ca:o. ooo5%tt±, 0. oioo%ar, 

REMTC^O^if : 0. 0 0 0 5%^ 0. 0 100 

<0l«4fcii2*£-#U J: oqFTOttW 

Wri* fi^g^O. 0 0 5^-5. Qfxm<DM 

gOi^li, MgOmA I2 Os , Si O2, Mn 

0, Ti 2 03 <nimi> l < 2 «ja±oa*»ftw 

40 <h, -ti^gt: IT, f<7)S2i: (Nb, Ti) N£* 
5. 0 ^ m(7)iiO*fffiW s 1 ^mm*f: 1 . OX 

1 0 3 iJ^±, 1. ox 1 0 7 ««T*tr> m%m*y 
5 ] m^m 1 xi±»#« 2 xt^st** 3 xa 

»#84KBLrt:«l*. SB»Tia*«:Ar3 KIUXJEL 
«£T'#*PU 3 5 013-60 otti^^t^a 
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W#£6] B*«lXI±W*«2 3lliK*«3Xt± 
■1**4 KIEL fcii*, EefcTittKfcArs SEMtjAJSL 
±t1-&EEi£*Lfcf£, 2 0t;/secW±^iP2S 
T*6 5 0t-7 0 Ot^T-fciPU fgiSKT' 1 

SJS^-iPLT, 3 5 Ot:- 6 0 OttSK 

[W**7] W*«lXl±W*«2XliW*«3X(± 

iov^r. S i bUn^mCtz^ T i fcrfebP, 

[If** 8] ffi*a5XW*S6Xt±IS*a7Hj3V^ 
T> Mg <Djfr$imM£m t LX S i , Ni, Cu, A 
K REM (*±3S7C?£) <7>l«£>&v>(4 2«£Ui^ib 

[St**9] W*^8t-iJv^r, Mg^#+<7)Mgil 
BEs&* 1 96JSJUL 1 0%*mr-$>Z>ZtZ<$mt1-2,?zWf 

<OFe> Mn, C r (Oigft^fP^ 1 0 i t 

[0 0 0 1] 

I§*t££lfrlfLffli@«£*t*i: U 1. 0-6. Omm 
SJSO«(¥-C, 5 9 0N/mm 2 12Lt<05l3S3$JK£* 

[0 0 0 2] 

*IT#£<, fife*, iWlflJJfciSSURi: LTI47x 
*nf><trv»-5o Dual Phaseil1£i4, $»;Si7x7'f h« 

[0 0 0 3] :Ofc*i#S¥4-8 8 1 2 5^&«, ® 
- 1 8 0 4 2 6^«tC^^^-W Lfc 
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JS«l?atv>J, #Sf6-2 9 3 9 1 

[0 0 0 4] 

io m 2 ?7A&±<nmmmmzm-?2>i><n-c\ vgaxtz-rM. 

2>i><r>X$>2> 0 
[0 0 0 5] 

£**>#«] *%MOjBHB»ftOfc* 

hK<W?v? o#aw*WC* 4 i 1 14 4. < ft <b 

*f&^<b* f &itt£ft Lrtrft*, Mg 

m®&— vc$hztimf&x*>z>zt*fL\&\^tz» -et 

znzxY), tmzmz&mm zt-e 
?<o%:±zwmLftmm*m±.z-*tx^2>ti%x.L>fi 

h a ZflX<0, Z\<7)$£Wl*t£i-izm<otz<DX&2>a Ztl 

tx\ Mgmmtzx&mmzmmLtzvkmzit, m*. 
immw-i 1-32348 si&mzj:*>mft9V3iG&. 

30 0 , 1 1 -2 3 6 6 4 5 #&*<0«F»»«>«JttK 

H A Ztt0 7 tfra«ft CfcfclWfc Lti> 

&3&*«rfijffll, *f&WOJTftS«p, t>£ 

flue J: 4«*B #4 KtfOffl-t* «> <7> 1 14*4 

X^2>frlt2fzfrX'li:%^o *%W<om%H. TIBOii 

[0 0 0 6] 1 ) *fi%(CT 
40 c : 0 . 0 1 %Jil±> 0 . 2 0 %JJlT\ S i : 0 . 3 
%J-;LL, 1. 5%1J.T, Mn : 0. 5 %JA_h, 2. 5% 

WTx p : o . i o %kt, s : o . o o 9 

T, N : 0 . 0 1 0 %J£I.T, M g : 0 . 0 0 0 5%W 

±, o . oi %tJ.T. a i : o . 002 %m±, 0 . 0 

7%tlT> itfT i : 0. 0 0 3%tLL, 0. 2 5% 
y.T> Nb : 0. 0 0 3%JiLL, 0. 0 4 %11T<T> 1 a 

t>4»), S7-S75 s 0. 0 0 5//m-5. 0/im<oeii: 
^^MgOtfcli, MgO?r-i-<^A I2 Os , Si 
50 Oz , MnO, Ti2 Os <T> 1 « 6 L < 14 2 flUJl±Ott 
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^Rft»*U¥*mm*jfc»)'l. OX10 3 

i. oxio 7 war#tr. ia®^7x7^fha^ 

[0007] 2) n%i:r 

c : o . o l %ix±. 0.20 %1XT, Si :o. 3 

% iX±, 1 . 5 %WT, M n : 0 . 5 %J£JLL. 2 . 5 % 

WT, p : o. i o%wt\ s : o. o o 9%iX 

T> N : 0 . 0 1 0 %WT\ M g : 0 . 0 0 0 5 %£l 
±,0.01 %ttT, A 1 : 0 . 0 0 2 %£l±. 0 . 0 

7 %£iT, *5 £ trr i : o . 003 %J£JLt> 0 . 2 5 % 

WT, Nb! 0. 0 0 3%ft±, 0. 0 4%tlTOltt 

*fc(4 2«***U J: t^F^raw^iW*^ 

«bft*), tt^ft^O. 0 0 5 /im-5. 0/um&T<om 
miZ$>2>Mg Oifzlt, MgOmA I2 03 . Si 
O2 , MnO, Tia 03 Ollt L<l±2m&±<om 

&mmt, ztizm-Lr, ^(Dmmz (Nb, t 

i) N*#-T&ia^Wffl»«H ^>fX^0. 0 
1.0 X 1 0 3 fflJflLt. 1.0 X 1 0 7 fflfilT-S-tr, MttMk 

zy^yj vfammt Lm^jj-'f vmkt-r&zb 

[0 0 0 8] 3) fi*%(CT 

c : 0 . 0 1 %Ja±. 0.20 %j^t\ s i : 0 . 3 

%J£JLt, 1 . 5 %£JLT. M n : 0 . 5 %WJi. 2 . 5 % 

WT, p : o . i o %j^t\ s : o . o o 9 %ix 
T> N : 0 . 0 1 0 %WT, M g : 0 . 0 0 0 5 %tt 
±. 0 . 0 1 %&T\ A 1 : 0 . 0 0 2 %£Lt. 0 . 0 
7 %&T\ i3 J: XfT i : 0 . 0 0 3 %£Lt. 0 . 2 5 % 
£JIT> Nb! 0. 0 0 3%U±, 0. 0 4%WTOll 
*fc«2«**U J: 
ft*), Hi:, Ca:0. 0005 %iX±, 0.010 
0%WT, REMxt<7)M: 0. 0 0 0 5%a±, 
0. 0 100%ttTOl«ifcli2l*lrU 3*»^«fe 
*5 X WF*I&tto^ffi.%9fr <b ft »K 0 . 0 0 5 // 

m-5. 0^mOlit:*^MgOi fctt, MgO£^ 
^Ah Os. S i02 , MnO, Tia Oa Olii 
L<(i2«J3L±oa^»ft»* t l 5 P*mm*fc*) 1. 0 

x i o 3 «a±, i . o x i o 7 *&T*tN 

[0 0 0 9] 4) Sfi%KT 

C : 0 . 0 1 %IX±, 0.20 %JSJLT. S i : 0 . 3 
%J^±> 1. 5%J^T\ Mn : 0. 5%U±. 2. 5% 

WT, p : o . i o s : o . o o 9 %ix 

T\ N : 0 . 0 1 0 %ttT, M g : 0 . 0 0 0 5 %tx 
±, 0. 0 1 %IXT, A 1 : 0 . 0 0 2 %\X±, 0 . 0 
7 %JJIT, i : 0. 0 0 3 % 0 . 2 5 % 

EiT, Nb! 0. 0 0 3%ti±, 0. 0 4%£lTOl« 
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ft «) , $ <b II, C a : 0 . 0005 %JEl±, 0 . 0 10 
0%JttT\ REM7C^O^It : 0. 0 0 0 5%B±, 
0. 0 1 0 0%JATOlttifcli2«**U 

ijio^praw^tttt^^ft 9. tt^g**o. oos^ 

m-5. 0//mOMgOif:(i, MgO^Ah O 
3 , Si 02. MnO. Ti2 Os O lit L< Ii2i 

a±o«^»ftwt, :msclt, *o«ia^ (n 
b, Ti) N**i-*«^«ffi*o?*>, tot-rx^ 

0. 0 5//IT1-5. 0//m^)»WajW ? lWmm 

70 oxio 3 ai^±, i. oxio 7 fl«T^ 

t-T4 £ <b *»»i:-t4^«:tftti:SttU«*Lfc*aiK 
[0010] 5 ) 1 ) Xit 2 ) 3t« 3 ) Xit 4 ) tefS 
^rl, ?llil20t:/se c a±0^aftT^*P 

1, 3 5 ot:-6 o ov-ewBLzztzftrnt-rz, m 

®.%k*yjL74 ffti^it Ln^-ti-J hf&gkt-tz 

[ 0 0 1 1 ] 6 ) 1 ) X\* 2 ) Xli 3 ) Xit 4 ) UK 

£L£f£. 2 Ot/s e ctt±0»»a*-C6 5 OC- 
7 0 oti^SL, RiMC-Cl5»JaTffi*Lfc», W 

s<££plt, 3 5 ot:-6 o orr-M^a 

[0012] 7 ) 1 ) X«i 2 ) 3lti 3 ) Xit 4 ) KB 
JO LfzM. &£X>\ 5) Xli6) UELfcilO*jt*ftU 

*ttnLfcfk T i &mu. -tOffeUMg 4: A 1 ^i^tPl" 

[0 0 13] 8) 5) X6) X»7) KiJV*T, Mg 
OfWIIili: ITS i, NU Cu, A U REM 
OfHJlTnfff) <oia*4^(±2aJa±^t>«*Mg^ 

c t tftWLtirzftmmtmmz&titzm 

40 [0 0 14] 9) 8) IZ&^Xs Mg^OMgift 

[0015] 10) 7) frb9) tlioV^T. Mg^4 
^Fe, Mn, C r <r>WkJSt<D%M>* 1 0 %zfcffiX$>%> Z 

tift&ti-zKmmtm&iz&tifzftmm&mm®. 

[0 0 16] 

[§tm<onmofm] *&mii7zmm<o&&<Dtz#>iz 

50 L. •fb***&-«««rms^. i*LUJ:i), *Ttfc£B# 
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(5) 

" 7 " 

[0017] nr\ ^m^m^m^mmi-^rm 
**75 j #<&&k, mx&it&it-tzx, m~o. 20% 

£jg££k^i£lt14lc*S&^1b% K 

&±J&-f2,<DX\ 0. 2 0%JTF, fc£U 
0iL<(iO. 15%HT* s aHv>o Sfc, ttftifefii 
WIT-O. 0 1 %tLk<i-£^T-&£ 0 /O 
[0 0 18] S i l±, tfiMi04SJ»i7x7 

*45n*t?**o S iSStmU gftOM 

0. 3%J0L±O^tn**jl2.R-e*-5o L*»U iSSDfi* s *i 

[0 0 19] Mn(±, 5iK««^-£-S^7C«-e* •? , ft 

iihitftmr&tgsitsik&o zti* •? 2. so%u 

[0 0 2 0] P(±**03S*«r±»f-67C*t?*-5*», v£ 

7G3R-e*4o ZtlX *), 0. 1 0%filTk u *fi L< 
(±0. 0 3%£Tra*3i Lv\> 

[0021] siiMn smmmmfri£%>)*>iLi&L, m 

L.v>7n£-C*»K ??SiraSl±4>fcv>«3i L<> 0. 0 0 
9%£lTtn. fcfc'U 0. 0 0 5%JilTr-i03a* 50 
JiBWUSWL&fci&O. 0 0 5%J^T-6«af Lv\> 
[0 0 2 2] N(±. ttHtt*fl|«1-47tJ6(wliil?iv^ 

« s fiv> 0 o. o i o%tax.*fctnxtt*»*<fcLr<« 

wr, 0. 0 10%£lTtL> 0. 0 0 5%ttT7J f M* 

[0 0 2 3] Mgii, *36MHU»t*«tK4«*n« 
«<D-of*l, 0 Mgli;oifl]|:J;t), »*k8rfrL 

ItMgOZ&tsA 1 2 03 , S i 02 , MnO, T i2 

03 nm^it®&mititMgZffimL%^i£&<r>m\- 40 

K £ L , * * * JWM1- -5 £ k xm.± ? y v ? O 

\Z.nm < *>&t*£x.bi\h 0 TtfiU 0. 0 0 0 5%* 
Str-ti-E-coajs^+^r-^^o -^TO. 0 l%j@«0 

4fc*!>±IR* 0. 0 1%tn» 50 



1$gB2 0 0 1 - 3 4 2 5 4 3 
S 

[0 0 2 4] A 1 t±#f&Wt~:fclt*ft<>fiS&i£*n7n3fc 
A 1 (iMg^JD^HTv^Bf, 

*ijSttoMgAl2 04 a^St-ft^^r^L^i- 
KMgAh 04 •ft-g-gtfbWiMgOfc'g-trA 12 O 
3 , S i O2 , MnO, T i 2 O3 Olt-g-^fb^O -9 

ftfefKiHB^ffiEft^o#tt^o!y>toT**>9, mim<r> 
#tt#aR bi- * *> tea* w-e* * t #x *t 

4 4 k it, ^j£»fttO|Ri±US»****4 
k#x<bit£ 0 wit«ttJ0. 0 0 2%J£LL?3sttJl-4o £ 

i6, 0. 0 7 %£JLTk-f4o *H-1££-Kfb©0 0 *>Mg 

a i«^* 1 'i:!»o«ft!»t=i&je>-s«'&*iai±L»ft«»o 
%~ 0. 0 7%j>mt l^o 

[0 0 2 5] Ti, Nbl±3f:flWUi3(t*ftt36S^ 

V^K-fb^r<0 9 *>#tC/h$v>MgO££<±Mg A I2 O 

U#fW+*£fctr#fffi*W-'f X£*£ < U MgOi/: 
l±MgAh 04 WW;}?^ KMS-iStSil* 5 * 
£k#x<bit& 0 3ftftO*jQK *o - 

tie>«0^***^jlc5l»SHir^^*(cl±Nb, T i H 

tc^s- <ho. 003 %<o?£in#*#H-c* ►) , 0 . 0 

LTTi(±0. 25%WT> Nb(±0. O4%J0lTi:-f 

[0026] c a \tmtm?k<r>ftfcm<r>wmm ^ 

»i:(i0. 0 0 0 5%W±^JD3J s ^T'*4o — 

14, 5£14*fI^9o -tti *)±M* 0. 0100%tt 
So REM7C3g(±C a t |Hl«loa*^^r-r4o 

R E MTcm^^-W-e 0 . 0 0 0 5 %&.±<7)-Mm^£-^T 

^*Ji|!g*0. 0100%tf4o 
[0 0 2 7] mt®)t LTIJMgOl^li, MgO^ 
*Ah O3 , Si02 , MnO, T 12 O3 <7>1^^ 

Wtbfctt*, IMftSlOHMgO, M g A 1 2 O 

izug mm i-i^mhtiz mmx$> n , tamM iz x 
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10028] MgO, Mg A h Ot'liBEiZ (Nb, T 

i) n *jsau*rtn z-t&z t kj&s©»* 

£f#Ti3l), MgO, M g A 1 2 Oa UJSj— ^Tj-fftflrifc 
^tLmLTV^tfx.e.JlS, Mg 
O, M g A 1 2 04 JttttOfMB&a-frBMfcWCiMgOi: 
Ott-frBMt*MbU «k i) {K*ia*flt#r£U L, (Nb, Ti) 

FM^f*%4o MgO, M g A 1 2 04 & 

ttO*Mi«£-BMI:»4: LTtiMgO, Ah Os , S 

i 02 z.vwusL'kmmmi t ^ m <? , d <ob#, ^ 
#:n^i6*Mgo, Ai2 03 , s i 02 mvfo<r>m& 
(±9 o%m±T-*-&o 

[0 0 2 9] Kfl^OiB^gJi 0 . 0 0 5^m*«lT-(i 
CLftfc&KLfc (Nb, Ti) NOflftbfc^&^d fc, 
— 2ftN XcOKfttHi (Nb, T i) N<0t^ 

<, mux* v±m.<7>m%:tfftbtim< &«£<>o. 0 

0 5/<mfl±ttl>o i£K5. 0 fx mmr~it%Lj-%t<7>m 

[0030] ttftWktt-S-wmwo^-f X(±cix**/hs 
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